logical study in a country where the rise in incidence is still moderate, and where lung cancer development may be observed nearly in its status nascendi. Fig. I (kindly supplied by Dr. Pedersen of the Norwegian Cancer Registry) shows a very moderate rise in lung cancer mortality in females in town and country from 1929-31 to 1952-54. A slightly more marked rise is seen in males living in the country, but the males living in urban conditions, according to our official administrative designation, show a very different picture. Here, already in the 1930's, a definite rise can be observed, a rise which since the middle of the 1940's has become very marked.
Seven years ago I planned a systematic study of the lung cancer situation in Norway in close co-operation with the two largest surgical thoracic units in our LEIV KREYBERG country: the Kirurgisk Avdeling A, Rikshospitalet (Prof. L. Efskind) and the IfI Avdeling, Ulleval Sykehus (Prof. C. Semb). From the beginning of the study it was evident that the general diagnosis of "lung cancer" includes a variety of tumours. The material for the present investigation has been limited to primary epithelial lung tumours.
Histology.-Considering the very different histological pictures, it would be strange if, within this limited group, different oncological entities were not represented. The first task, therefore, was to make a careful histological analysis of the material, and the next was to study the groups and sub-groups found as regards certain clear biological characteristics and possible differences, such as sex distribution and age. The results of this histological analysis of 300 primary epithelial lung tumours, mainly from surgical cases, are shown in Table I . Sex.-The different incidence of these seven histological types in males and females is most striking. From the point of view of sex distribution the types of tumour fall into two distinct main groups: Group I, in which the male sex is predominant (213 : 5), and Group II, in which the two sexes are nearly evenly represented (45 : 37).
Age.-A study of age incidence reveals further marked differences (Figs 2 and 3). The curves in these Figures indicate "quotients" and not tumour incidence in the usual sense of this designation. A "quotient" is the number of different tumours in the whole material collected during the years 1948-1955, against the background of the size of the population in each age-group in a single year, viz., 1950. Fig . 2 shows the quotients for squamous cell carcinomata (Curve A) and for large cell and small cell carcinomata jointly (Curve B) in males only. These types of tumour correspond to Group I in Table I . The curves are nearly identical, and it swems permissible, in spite ofcertain histological differences, to conclude that these three types represent closely related tumour entities. In Fig. 3 , Curve A represents adenocarcinomata, and Curve B adenomata and salivary gland tumours, including the benign, semi-malignant, and malignant varieties. These curves embrace male as well as female patients. Again, distinct and very different pattems of incidence are found, the adenocarcinomata steadily increasing with advancing years like (I) Squamous cell carcinomata, and large and small cell carcinomata, the types of lung tumour generally regarded as connected with special irritants, occur with a marked preponderance in males, and show a characteristic age curve. They very rarely occur before the late thirties. Until the last few years the maximum occurrence was in the fifth decade with a definite decline in the sixth, but recently a shift of this peak to the sixth decade has been observed expecially for squamous cell carcinomata. These observations indicate the existence of a new carcinogenic situation influencing the occurrence of the Group I tumours. In this connexion the analysis of the figures for England and Wales by Korteweg (1951) should be consulted. A similar development has also been recorded in Norway (Fig. 4) . (II) Adenocarcinomata, according to our diagnostic criteria, embrace malignant tumours composed of more or less atypical, secreting or non-secreting, columnar or irregular polyhedral cells, with a more or less marked gland formation. These tumours, showing a nearly identical sex distribution and a steadily increasing frequency with advancing years, are most probably caused by weak carcinogenic agents, well-established in our society and acting with equal strength in both sexes.
Bronchiolar cell carcinomata form a small group and occur in our material in all adult age groups and in both sexes alike. They may be caused by unknown agents acting at random.
The histological picture, the equal sex incidence, and the lack of preference for any particular age group, together indicate that lung adenomata and salivary gland tumours are caused by accidental factors, presumably of developmental origin.
Lung cancer is accordingly histologically, as well as biologically, a heterogenous group, and this fact has been taken as the basis for the following analysis of the situation in Norway. The lung cancer material has been divided into the two main groups described above:
Group I tumours comprise squamous cell, large-cell, and small-cell carcinomata, with a wide sex difference, increasing numbers in recent years, and an accepted relationship to certain external irritants. Group II tumours comprise adenocarcinomata, bronchiolar cell carcinomata, adenomata, and salivary gland tumours, with an equal sex incidence and no connexion with any known irritants.
CANCER INCIDENCE IN EARLIER PERIODS.-In two laboratories (Rikshospital and Oslo City Hospital, Ulleval) two post-mortem series of cases of lung cancer have also been examined, one by Christiansen (1953) and the other by Jakobsen (1953) . Table II shows the histological composition of this cadaver material compared with that of the present, mainly surgical, material. The equal occurrence of Group II tumours in the two sexes in each period is in strong contrast to the gradual but marked changes in the incidence of LEIV KREYBERG Group I tumours, which are especially noticeable from the 1940s onwards. Table III shows the ratio of Group I to Group II tumours in males in the cadaver and surgical series. The Group II tumours are evenly distributed between the two sexes, regardless of domicile. The ratios of Group I to Group It tumours in males are lowest in the country and highest in the larger towns. The ratio in the country corresponds to the ratio in the early post-mortem series (Table III) . The smaller non-industrial towns, mainly commercial and administration centres, show a somewhat higher ratio than the industrial centres, a result which at first I found puzzling.
AIR POLLUTION AND URBAN AND RURAL SUR-ROUNDINGS.-These types of domicile were then examined as regards air pollution (Table V, Section B, opposite).
The countryside and smaller non-industrial towns were classified as having "fresh" air ([it and [il] ), and the industrial centres and larger towns as having "'polluted" air ([iii] and [iv] ). The ratio in males is much higher for the latter than for the former.
When the same material is classified into "rural" or "urban" surroundings (Table V, Section C, opposite), the ratio in males is even greater.
These figures do not permit any decisive conclusions as to the influence of air pollution in the Norwegian material. In co-operation with Dr. Sixteen men of 70 years old or more who had retired had previously been listed under their previous occupations, and thirteen men had changed their occupation, though several of these remained in the same main category. When the final corrections were made, the figure for "open air" and "house" work was reduced by four, with a corresponding increase of two in each of the other two categories. There was no change in the occupations of the women.
As the female cases of lung cancer in Norway nearly all manifest Group II tumours, it is of great interest, as a control of the figures received from the Statistisk Sentralbyra, to examine the incidence of these tumours by sex and occupation (Table VII) . Considering the restricted number of cases, a remarkable correspondence is found between the number to be expected if no special factors were involved, and the number observed. Our present material included only five cases of Group I tumours in females; the incidence of these tumours also is such as would be expected if no occupational hazards were involved.
The figures for males, however, show a very different picture. Group II tumours occur, as in the females, in proportion to the size of each main occupational category. If the frequency in "open air" and "house" workers is set as index 10, the corresponding indices for the two other categories are 0 8 and 1 0 respectively. Group I tumours are much less frequent among male "open air" and "house" workers than in the two other main occupational categories, and if similar indices of frequency are calculated, an index of 1-0 for the first category corresponds to indices of 1-8 and 2'3 respectively for the other two categories.
In the same material the ratios of Group I tumours to Group II tumours in males are 2-8: 1, 6-1: 1, and 6-7: 1 (Table VIII) . group.bmj.com on April 13, 2017 -Published by http://jech.bmj.com/ Downloaded from important factor in augmenting the chance of developing Group I lung cancers, but two observations tend to reduce the probability of such an assumption: first, the considerably increased risk which is also found in recent years among "clerical" and "professional" workers not exposed to such dusts, and secondly, the wide range of "dusty" occupations involved and the few victims within each special occupation. Our findings are so far in accord with those of Doll (1953) and Lickint (1953) .
Considering the fact that in Norway the increase in Group I lung tumours in males is intimately connected with the urban mode of life and has no demonstrable connexion with a general air pollution, as well as the fact that males doing "clerical" and "professional" work are afflicted nearly as often as workers in "dusty" surroundings, it seems reasonable to suppose Kreyberg (1954) . The lung tumour material was histologically typed, placed in Group I or Group II, and tabulated according to the smoking levels as used in the control study. Next, a calculation was made of the number of cases to be expected in the different smoking levels of the control material if as many individuals were represented as in the lung tumour material, age group (Table IX) .
Group 11 Tumours Table IX shows that the figures for females are nearly identical in the two series, indicating that tobaccosmoking is of no importance as an aetiological facor in the development of Group II tumours in females.
The figures for males are nearly identical and the same conclusions may be drawn.
Group I Tumours Table IX shows that in males the picture is very different. There are significantly fewer non-smokers, and a higher number of heavy smokers; even for the other smoking levels the same tendency can be observed, with a systematic deviation towards the extremes.
These figures closely follow the pattern observed by many other workers, and the findings point to a close relationship between tobacco-smoking and the development of Group I tumours (often designated "epidermoid" tumours) in males.
The figures for Group I tumours in females are very small and no comment is necessary.
As the Group I and Group II tumours in males seem to behave so differently in relation to tobaccosmoking, it may be of some interest to compare the two groups in more detail. The pertinent figures for males are given in Table X. Doll and Hill (1952) , Levin (1954) , Randig (1954) , and Hamond and Horn (1955) .
Whereas previous students of this problem have based their conclusions mainly upon the occurrence of all types of lung cancer, and have made their calculations on the basis of the population in general, the present study has utilized a totally different material for comparison. Here, the "control" material also consists of lung tumour patients, originally from the same sources as the material proper, and only separated from it by an histological analysis. This "control" material comes closer to the ideal material than any other. The present findings, therefore, strengthen considerably the conclusions of previous researchers. It would be strange, if another underlying primary factor should prove to be the real cause, and if the use of tobacco and the development of lung cancer should be two quantitively corresponding manifestations of such an unknown factor. At least, no such factor has been found, or even plausibly suggested.
The importance of the close association of fourfifths of the Group I tumours in males with tobaccosmoking should not, however, lead to neglect of other possible factors in the carcinogenic situation.
Tobacco-Smoking and Occupation.-A greater tendency to Group I lung cancer was observed in males with "dusty" occupations and trades, as well as in "clerical" and "professional" workers, as compared with men doing "open air" and "house" work, and it was emphasized that the dust, per se, might be of some importance.
A survey has been made of the smoking levels in males with Group I lung tumours according to their occupations (Table XII) .* The material is, admittedly, small and accordingly difficult to analyse, but "Clerical" and "professional" workers among males with Group I tumours seem to be rather heavy smokers. Not one smoked less than 5 g., only eight out of 53 patients smoked less than 10 g. a day, and there were no non-smokers.
The "open air" and "house" workers represent the largest occupational category, but they show a low number of Group I tumour patients-only 62 cases in all. It seems that the smoking level is also generally lower than in the other occupational categories. This holds good not only for the relative number of smokers, but also for the amount smoked; all three non-smokers among the males with Group I tumours belong to this category.
Tobacco-Smoking and Doniicile.-In this connexion it may be of interest to recall that, in the study of the geographical distribution of the Norwegian lung cancer material, it was observed that Group I tumours were more heavily represented in the "smaller non-industrial towns" with "fresh" air than in the "smaller industrial centres" with more or less "polluted" air. This finding was initially unexpected by the writer, through the predominant assumption that general air pollution has some importance for the development of lung cancer. The original paper comprised 235 cases of lung cancer, and figures of the present material, augmented to 300 cases, confirm the previous observation. The original "control" material gave no information as to smoking habits in different types of domicile, although the findings of more moderate smoking in rural districts was expected.
After the publication of the paper on geographical distribution, another material with a bearing on Norwegian smoking habits was placed at my disposal through the kindness of "Fakta", Oslo, an institute for marketing research, which had just completed a survey of one of our tobacco factories. as the different types of smoking in areas corresponding to our "rural districts", "smaller non-industrial towns", "smaller industrial centres", and "larger towns". The figures presented are not comparable to the figures of our original "control" material, because of the different criteria used. In our controls as well as in our lung cancer patients, a smoker was defined as "a person who has smoked as much as 1 g. tobacco (in any form) daily for at least one year", whereas the "Fakta" material includes only current smokers. This explains the important differences in the percentages of smokers and non-smokers in the two series. The types of smoking in the different, geographical areas of the "Fakta" material are, however, comparable inter se, and Fig. 7 shows that smoking habits in the smaller towns differ markedly. The percentage of smokers is practically the same but the "smaller non-industrial towns", which are mainly commercial and administrative centres, show a considerably higher number of pure and mixed cigarette-smokers than the "smaller industrial centres", even if the average number of grammes smokes is the same.
The males with Group I tumours, in the present material also, show higher smoking levels in the smaller non-industrial towns than in the smaller industrial centres (Table XIII) Types of Tobacco-Smoking.- Table XIV shows the types of smoking recorded for males with Group I and Group I1 tumours. There is a heavier representation of pure and mixed cigarette-smokers in Group I, and more pipe-smokers in Group II. The Group I series includes more smokers than the Norwegian "control" material presented by H. J. A. Kreyberg (1954) . A detailed comparison with the "Fakta" material is useless, because of the different criteria used for non-smokers. The ratio of Group I to Group II tumours in pure pipe-smokers, pipe-and cigarette-smokers, and pure cigarette-smokers is shown in Table XV .
The absolute figures are small and the picture is not completely clear, so that no precise conclusions can be drawn. On the average, the pure pipesmokers do not seem to use as much tobacco as the cigarette-smokers, and a quantitative factor may thus possibly also be of importance. It may, however, be worth calling attention to the apparent absence of increase in the ratio of Group I to Group II tumours in the pure pipe-smokers with the increasing amount of tobacco smoked, in contrast to the definite and systematic increase in the ratio when cigarette-smoking is involved. This may indicate that pure pipe-smoking does indeed carry a smaller risk of the development of lung cancer than cigarette-smoking. Tobacco-Smoking and Sex.-A striking feature of the Tables is the different sex incidence of some types of lung cancer, even among non-smokers. As there are many more female non-smokers, and as many females who are only very moderate smokers, the absolute figures cannot be compared. But, if the ratio of Group I tumours to Group II tumours is again used in analysing male and female nonsmokers (Table XVI) , the result is a ratio of 1: 1 in males (3: 3 cases) and of 1: 9 in females (3 : 27 cases). Table VI derived from his own material and from the literature, shows the occurrence of types of lung cancer (very much like our own grouping) in non-smoking males; this material gives a ratio of 2-4: 1 (34 "Epidermoid" :14 "Adenocarcinoma"), which is a very low ratio, even if not as low as the Norwegian one quoted above.
TYPES OF SMOKING IN
The fact that Wynder's collected material only concerns "Epidermoid" (including "oat-cell" carcinomata) and "Adenocarcinomata" (including bronchiolar cell carcinomata) partly explains the difference from the present material, in which the Group II tumours also include adenomata and salivary gland tumours. If the latter are omitted from the present material, we find a ratio of 1 8: I for males (7 : 4 cases).
The ratio in females in our material is 01: 1 (3 Group I : 27 Group II in non-smokers), and by Wynder's classification the ratio is 0-15 : 1 (3 Group I : 20 Group II).
These figures may appear to contradict the statement by Doll (1953) that "the incidence of lung cancer in non-smokers may be the same in men and in women and in residents in areas of different density of population", a statement with which Wynder agrees.
Possibly, however, these different statements may be reconciled. It should be emphasized that this marked sex difference in the Norwegian material applies to Group I tumours only. If the figures from Table  XVI are used to compare all types of lung cancer seen as an entity-and that is the background of Doll's analysis-one finds a total of six "lung cancers" (3 + 3) in the non-smoking males and thirty (3 + 27) in the non-smoking females. As the non-smoking females in the population, however, are much more numerous than the non-smoking males, a factor of 5 is very probable according to our previously quoted figures, and one arrives at an approximately equal sex incidence of "lung cancer" among non-smokers.
As Group I tumours in the Norwegian material are rather uncommon among females as well as among non-smoking males, thepeculiar sex difference in the incidence of the Group I tumours is easily obscured by the much greater number of Group II tumours, if special attention is not paid to the histological typing, followed by a separate treatment of the two groups. Thus the value of the full application of this analytical procedure has again been demonstrated.
This means that the possibility of a special sex disposition to the development of Group I tumours in males cannot be denied. Whether this disposition is based upon architectural differences in the gross At first a very slow and parallel rise was seen in the number of cases of lung cancer reported in males and females, but gradually, and from the mid 1930's especially, the increase in male cases has greatly exceeded the increase in female cases. This sex difference is almost entirely confined to urban areas.
A study of the histological types of lung cancer has revealed that, from the time of the more pronounced increase in male cases, the relative frequency of the histological types also changed, with a steadily increasing number of male cases of Group I tumours (squamous cell, large cell, and small cell carcinomata). No Males in "dusty" occupations generally have an increased lung cancer frequency, as compared with "open air" workers, but the risk is nearly as great among "clerical" and "professional" workers.
The tobacco-smoking habits of 300 Group I and Group II lung cancer cases (213 males and 5 females in Group I, and 45 males and 37 females in Group It) have been investigated and compared with those of the general population, and the main conclusions are as follows:
(1) As no differences have been found, either in males or in females, between the smoking habits of the Group II tumour patients and the smoking habits of the population in general, it is concluded that tobaccosmoking has no relation to the occurrence of Group II lung tumours. Such tumours represent, in Norway today, nearly 90 per cent. of all female lung tumour cases, but less than 20 per cent. of all male cases.
(2) As considerably fewer non-smokers are found among the males with Group I lung tumours than among those with Group II tumours or than among the corresponding male "control" material, and as the ratio of Group I to Group II cases increases steadily with the amount of tobacco smoked, it is concluded that tobacco-smoking is closely related to the development of a considerable proportion of Group I lung tumour cases in males. The very limited female material does not contradict this conclusion.
(3) As a certain number of Group I tumours occur in male and female non-smokers, it is concluded that not all Group I tumour cases are related to, or influenced by, tobacco-smoking.
(4) From an analysis of the ratio of Group I to Group II tumours in males, it has been calculated that, in Norway at present, four out of five cases of Group I lung tumours in males are related to tobacco-smoking, and that one out of five arises from causes unrelated to tobacco-smoking.
(5) As males doing "dusty" work show a greater number of Group I lung tumours, in -spite of more moderate tobacco consumption, than males doing "clerical" and "professional" work, it is tentatively sdggested that industrial dusts and fumes may aggravate the injury caused by tobacco-smoking.
(6) A previously reported finding, that relatively more Group I tumour cases occur in males in smaller non-industrial towns (administrative and commercial centres) with "fresh" air than in smaller industrial centres with more or less "polluted" air, may be explained by the fact that the former type of community includes more cigarette-smokers.
(7) The relationship of lung cancer development to pipe-smoking, if present at all, is less marked than its relationship to cigarette-smoking.
(8) The ratio of Group I to Group II tumours in nonsmokers is nine times greater in males than in females. This great difference per se, besides the fact that the only three males with Group I tumours in the present material who were non-smokers were among the "open air" workers, makes it difficult to ascribe the whole sex difference to external factors alone. A biological sex difference, architectural and/or biochemical, influencing the response of the lungs to some, or all, carcinogenic agents, cannot be excluded.
In the light of this discussion and of the conclusions presented, it may be of interest to emphasize the following points:
(1) The conclusions are based upon a special histological subdivision of "lung cancer" material, according to certain definite criteria. If the grouping and the criteria used are not followed, the same results can accordingly not be obtained. An off-hand dismissal of the possibility of making a sufficiently precise histological grouping is contradicted by the results. Not every case can be grouped with certainty, but most cases can.
(2) The results of the present study are so consistent and so clear, that it is unreasonable not to regard them as expressions of true conditions. An artefact with such a degree of consistency is most improbable.
(3) The figures quoted represent trends and relationships only. They do not express fixed mathematical correlations, generally applicable, but refer to conditions in Norway during the period of investigation. They cannot be applied to other countries and other conditions without further qualification. Differences in types of tobacco smoked, and in the amount and degree of smoking, differences in the surrounding air (in general or in workshops), and probably also constitutional differences, may cause minor quantitative variations in the effects, but the trends of these general conclusions I do regard as generally valid.
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